Frequently in daily life, we are faced with situations in which the decision to move forward with a particular behavior is concurrently associated with both a rewarding and a threatening outcome (e.g. interviewing for a new job can be stressful, but also rewarding if one is successful). Decision-making under approach-avoidance conflict (AAC) conditions is uniquely challenging because it requires the integration of information regarding the value of potential rewards and cost of potential punishments, as well as the likelihood and magnitude of each outcome and its importance for the integrity of the individual ([@nsw140-B32]; [@nsw140-B2]; [@nsw140-B1]). Understanding AAC decision-making may have important consequences for the conceptualization and treatment of anxiety disorders ([@nsw140-B42]; [@nsw140-B2]), which typically entail avoidance of short-term emotional discomfort, even at the cost of substantial long-term rewards (e.g. [@nsw140-B18]; [@nsw140-B4]).

Animal models of anxiety have employed AAC paradigms that typically establish a conflict between approaching a reward (e.g. water or food) and avoiding a punishment (e.g. receiving a mild electric shock). The anxiolytic potential of a pharmacologic agent is often assessed by determining its ability to increase approach behavior during animal conflict paradigms (see [@nsw140-B23]; [@nsw140-B24]). Approach behaviors during such conflict conditions are significantly increased following lesions to the amygdala (e.g. [@nsw140-B21]) and medial prefrontal cortex (PFC; e.g. [@nsw140-B34]). Neuroimaging studies with human participants have further associated activity in the amygdala, insula, medial PFC, and anterior cingulate cortex (ACC) with emotion regulation, especially in the presence of threatening stimuli ([@nsw140-B15]; [@nsw140-B28]; [@nsw140-B12], [@nsw140-B13]; [@nsw140-B27]; [@nsw140-B36]). Moreover, a network of PFC regions including the ACC, orbitofrontal cortex (OFC), and dorsolateral PFC (dlPFC), in conjunction with the amygdala and the ventral striatum, have been implicated in approach-avoidance learning and trait motivations, with the right PFC typically associated with avoidance motivations (e.g. [@nsw140-B40]) and the ventral striatum, medial OFC, and left PFC typically associated with approach motivations (e.g. [@nsw140-B39]; [@nsw140-B40]). Particularly under conditions of emotional conflict, the right ACC and ventral striatum appear to be modulated by punishment ([@nsw140-B45]), whereas left rostral ACC can adaptively resolve emotional conflict by top-down inhibition of the amygdala ([@nsw140-B16]).

Despite a substantial body of research examining the involvement of these fronto-striatal and amygdala circuits to approach-avoidance learning, much less work has focused on the neural mechanisms underlying the process of decision making during conflict. Recently, [@nsw140-B3] developed the AAC paradigm that quantifies decision-making using a continuous measure of approach-avoidance behavior during situations that involve various degrees of conflict. As the punishments involved in the task are affective in nature (combination of negative affective images and sounds), it provides a model of emotional decision-making in real-life situations that can have implications for the understanding and treatment of anxiety disorders. The extent of approach behavior on this task has been related to either self-reported anxiety sensitivity or behavioral activation ([@nsw140-B3]). Functional magnetic resonance imaging (fMRI) measurements during the AAC task have shown that conflict (relative to non-conflict) decisions are associated with increased recruitment of ACC, insula, caudate and right dlPFC regions ([@nsw140-B1]). Moreover, right lateral PFC activation (BA 6 and BA 10/46) on a trial-by-trial basis was related to less approach behavior during conflict, and activity in the right dlPFC (BA 9) and caudate were modulated by the level of reward offered during conflict. This pattern of results supports a possible asymmetry between contributions of the right and left lateral PFC to AAC resolution during emotional decision-making, according to which increased activity in the right PFC may lead to less approach behavior during conflict and, as such, underlie certain anxiety-related behaviors. However, right dlPFC activity during the AAC task may not only lead to a higher propensity to avoid conflicting outcomes, but may also guide decision making by augmenting valuation of outcome and reinforcement information ([@nsw140-B25]).

The aim of this study was to amplify past neuroimaging findings and examine the causal relationship between right dlPFC activation and approach behavior during AAC decision making. Specifically, we used anodal transcranial direct current stimulation (tDCS) to enhance activity in right dlPFC; tDCS is a noninvasive technique that involves the application of small direct currents (typically 1--2mA) to the scalp for a few minutes through two surface electrodes, which can modulate cortical excitability in the underlying brain region. During and immediately after application, anodal tDCS stimulation increases cortical excitability at the stimulation site through subthreshold neuron soma depolarization, whereas cathodal tDCS stimulation decreases cortical excitability due to neuron soma hyperpolarization ([@nsw140-B98]; [@nsw140-B41]). As such, tDCS has been increasingly used in various domains within clinical neuroscience to establish relationships between activity in a particular brain region and the expression and treatment of psychopathological symptomatology for different psychiatric disorders, including schizophrenia (Brunelin *et al.*, 2013), major depression ([@nsw140-B9]), obsessive-compulsive disorder ([@nsw140-B46]) and generalized anxiety disorder (GAD) (Shiozawa *et al.*, 2014).

Our objective in this study was to use anodal tDCS to demonstrate causal involvement of right dlPFC to AAC decision-making. Based on previous research and the neuroimaging results by [@nsw140-B1], we hypothesized that application of anodal tDCS over the right dlPFC would decrease approach behavior in the AAC task. Given the link between anxiety and avoidance behavior, as well as our past results linking anxiety sensitivity to AAC approach behavior ([@nsw140-B3]), we anticipated the effect of excitatory right dlPFC stimulation to be more pronounced among high anxiety-sensitive participants. To examine the regional specificity of this effect, we also included a group of participants who received anodal stimulation over the homologous region in the left hemisphere. Although past research (e.g. [@nsw140-B43]; [@nsw140-B5]) has linked left dlPFC activity to approach behavior or motivations, our past neuroimaging findings did not reveal significant left dlPFC contributions to behavior on the AAC task, specifically designed to measure approach-avoidance decision making. We therefore did not anticipate that anodal tDCS over left dlPFC would influence AAC task approach behavior. Further, to control for the likelihood that anodal tDCS would influence performance regardless of the nature of the task (e.g. due to differences in arousal), we included as a control task the Forward Digit Span, a short-term memory task, which is unrelated to right dlPFC function, but could be influenced by changes in left dlPFC activity (see [@nsw140-B29]).

Methods
=======

Participants
------------

Sixty-three (*n* = 63) college students (mean age = 19 years, 52% male, 78% Caucasian) participated in the study for class credit, after providing written informed consent. Participants were excluded from the study if they reported left-handedness, current pregnancy, or a history of a mood disorder, seizure disorder, or head injury. The study was approved by the University of Kansas Institutional Review Board.

Materials
---------

***Demographic information.*** A brief self-report questionnaire obtained information on the participants' native language, gender, age, race, education level, and any history of psychopathological disorders, phobias or abuse.

***Anxiety sensitivity measures.*** The Anxiety Sensitivity Index (ASI, [@nsw140-B33]) is a 16-item measure in which participants indicate, on a scale from 0 (Very little) to 4 (Very much), the extent of their concern about potential negative consequences of anxiety-related feelings. The ASI has good validity and reliability (α = 0.88; [@nsw140-B31]).

***Behavioral approach and inhibition measures.*** The Behavioral Inhibition System-Behavioral Approach System (BIS-BAS; [@nsw140-B11]) is a 24-item measure that assesses, on a scale from 1 (very true for me) to 4 (very false for me), how motivated an individual is to move away from something unpleasant or move towards something desired. The BIS-BAS has four subscales (BAS Drive, BAS Reward Responsiveness, BAS Fun Seeking and BIS) and strong validity and reliability (α = 0.70--0.83; Jorm *et al.*, 1998).

***State positive and negative affect measures.***The Positive and Negative Affect Schedule (PANAS; [@nsw140-B47]) is a 20-item scale that assesses positive and negative affect. Participants respond, on a scale from 1 (very little) to 5 (extremely), the extent to which a series of adjectives describes how they are feeling in the moment. The validity and reliability of the PANAS have been established (α = 0.84--0.90; [@nsw140-B47]).

***Forward digit span***. The forward digit span (FDS) task was adapted from the Wechsler Adult Intelligence Scale---Fourth Edition (Pearson Education, Inc.) and it is used to measure one's ability to maintain information in phonological short-term memory. Participants are read a string of numbers and are asked to repeat these numbers back in the same order. The task begins with two-digit number strings and progresses to nine-digit strings (two trials per string length). Participants discontinue after responding incorrectly to both trials of a given string length.

***AAC task.*** We used a version of the AAC task adapted from past work ([@nsw140-B3], 2014). For each trial, participants are first shown a runway with pictures on each side to represent two potential outcomes ([Figure 1](#nsw140-F1){ref-type="fig"}). Each potential outcome includes an affective stimulus and a certain level of reward points. A picture of a sun indicates a positively valenced affective stimulus, whereas a cloud indicates a negatively valenced affective stimulus. The number of reward points to be received if a given outcome were to occur is indicated by the amount of red in the rectangles. Reward points are only offered with one of the outcomes. The participants use the arrow buttons to move the avatar on the runway to indicate their relative preference for potential outcomes, having 4 s to respond. The location of the avatar at the end of the decision phase corresponds to the probability of the two outcomes occurring. For instance, if the avatar is in the middle of the runway, there is a 50% chance of each outcome; if the avatar is all the way to one side, there is a 90% chance of the nearest outcome and a 10% chance of the farther outcome. Therefore, participants control the likelihood of the outcomes but are unable to determine with absolute certainty which outcome will occur. The starting position of the avatar can influence both initial response time and end avatar position. Thus, the starting position of the avatar is counterbalanced across trials (for each condition type) to control for these effects. At the end of the task, a screen appears displaying total points received and a corresponding award ribbon. The points do not translate into monetary reward, and thus, participants are playing for points only. However, in the beginning of the task, participants are told that their performance will be ranked against past participants, creating a higher desire for reward points. Fig. 1.Example of the five AAC trial types.

The ACC task is programmed using Adobe Flash Professional CS5. The affective stimuli include image and sound combinations collected from the International Affective Picture System ([@nsw140-B22]), International Affective Digitized Sounds ([@nsw140-B7]) and other freely available audio files. The reward includes 0, 2, 4 or 6 points presented along with a trumpet sound. There are three trial types (see [Figure 1](#nsw140-F1){ref-type="fig"}): (i) 'Avoidance-only' (AV), in which 0 points are offered for both outcomes and thus, there is no explicit motivation to approach the negative affective outcome; (ii) 'Approach-only' (APP), in which 2 versus 0 points are offered but with positive affective stimuli associated with both outcomes. For these conditions, there is no explicit motivation to 'not' approach the rewarded outcome. (iii) Three levels of 'Conflict' in which 2 (CONF2), 4 (CONF4) or 6 (CONF6) points are offered for the outcome involving a negative affective stimulus whereas 0 points are offered for the outcome involving a positive affective stimulus. These conditions are designed to produce AAC, as the same behavior is associated with both reward and punishment. The participants have no way of knowing the valence or arousal level of the potential negative affective outcome and that outcome is not proportionate to the level of reward points. Thus, the increasing reward level is meant to increase reward motivation to approach the negative affective stimulus. The task was shortened from its original version to stay within the maximum tDCS stimulation duration of 20 min. The current task included a total of 70 trials, with 14 of each trial type (AV, APP and three levels of conflict). The timing of each AAC trial is displayed in [Figure 2](#nsw140-F2){ref-type="fig"}. Fig. 2.The timing of AAC task stimuli.

The main dependent variables for the AAC task were as follows: (i) Mean approach behavior across the three reward conflict trials, or the avatar's end position on the runway in relation to the negative affective outcome, ranging from −4 (avoidance all the way away from the negative affective stimulus and reward) to +4 (approach all the way towards the negative affective stimulus and reward). (ii) Approach behavior contingent on the number of reward points (change from 2--4 to 6 points). For the purposes of this study, approach behavior was calculated for both non-conflict and conflict trials.

Design and procedure
--------------------

Participants were randomly assigned to one of three conditions: (i) anodal stimulation over the right dlPFC (*n* = 21; 65% males), or (ii) anodal stimulation over the left dlPFC (*n* = 21; 62% males) or (ii) sham stimulation (*n* = 21; 29% males), which were blind to the participant. Prior to stimulation, participants completed a screening questionnaire to ensure they were eligible (see above criteria) and females were also administered a pregnancy test. If eligible, participants completed the PANAS, and then were given three practice trials of the AAC task to ensure full understanding of the task. After the practice task, tDCS stimulation was initiated.

***tDCS parameters.*** TDCS was administered through two 5 × 5 cm electrodes covered in saline solution-soaked sponges. The site of stimulation was determined through a BraiNet 10/20 placement cap (see biomedical.com) and was noted with a marker on the participant's scalp. Guided by the neuroimaging results of [@nsw140-B1], the anode was placed either over area F4 or F3 on the 10/20 system for stimulation of the right or left dlPFC respectively ([@nsw140-B14]; [@nsw140-B19]). A reference cathode electrode was placed over the contralateral mastoid. tDCS stimulation was applied using a DC-Stimulator for tDCS (NeuroConn, GmbH, <http://www.neuroconn.de/dc-stimulator_en/>) at 1.5mA for a maximum of 20 min (including 10 seconds ramp-up and 10 s ramp-down time). These parameters are within safety limits established from prior work in humans (e.g. [@nsw140-B26]; [@nsw140-B6]; [@nsw140-B44]).

During the two stimulation conditions, stimulation started for 180 s prior to the initiation of the AAC or FDS task to ensure maximum excitability changes following tDCS (see [@nsw140-B27]). During the sham condition stimulation began but unbeknownst to the participants was terminated after 90 s. The placement of the anode for the sham condition

either over F3 or over F4) and the order of the behavioral tasks (i.e.FDS or AAC) were counterbalanced across participants. Both tasks were completed concurrently with stimulation. Upon completion of these tasks, participants were administered the PANAS, followed by the remaining self-report questionnaires.

Data preparation and analysis
-----------------------------

For the PANAS we calculated negative affect change by subtracting the individual's negative affect score from the PANAS completed prior to the AAC task from their score after the AAC task (i.e. negative affect post-AAC task minus negative affect pre-AAC task); a similar procedure was followed for positive affect. For the FDS control task we calculated the total number of correct responses (out of a possible 16). For the AAC task, we first calculated the mean approach behavior (range = −4 \[all the way away from reward points\] to 4 \[all the way towards the reward points\]) across the 2-, 4- and 6-point conflict trials, with higher scores indicating higher approach behavior. Approach behavior contingent upon reward points was calculated through the following equation: (6--4-point mean approach score) + (4--2-point mean approach score). Higher scores on this measure indicate that conflict behavior was more influenced by the level of reward points offered. ANOVA were used to examine differences between stimulation conditions (rdlPFC, ldlPFC, sham) in regards to self-report measures and affect change (post-pre AAC task), and FDS performance. For the AAC task, we hypothesized that any potential effects of stimulation would be more prominent for high- relative to low-anxiety individuals. Accordingly, we divided participants across conditions into high- and low-anxiety based on the median score on the ASI. ANOVA were then used to examine main interaction effects of stimulation condition and ASI group on AAC task behavior (approach behavior). Results were considered significant at *P* \< 0.05. We used Tukey's Honestly Significant Difference (HSD) tests for all post hoc comparisons.

Results
=======

Individual differences measures
-------------------------------

There were no effects of task order, thus data were combined across order conditions. One participant in the right dLPFC excitation condition was identified as a multivariate outlier (according to Mahalanobis distance) across the self-report and FDS measures, and was excluded from all further analyses. ANOVA revealed no a priori differences among the three stimulation conditions on any aspect of the ASI and behavioral approach and inhibition (BIS-BAS) measures (*P*s ranged from 0.47 to 0.98; see [Table 1](#nsw140-T1){ref-type="table"}); thus, there were no a priori systematic differences on these factors among stimulation conditions that would confound tDCS effects on the AAC task. Table 1.Mean anxiety and affect measures by conditionrdlPFCldlPFCShamASI21.85 (9.74)20.09 (10.46)22.00 (15.63)Behavioral Approach Drive8.55 (2.14)8.00 (2.28)8.33 (2.13)Behavioral Inhibition15.10 (2.69)14.38 (3.49)15.62 (4.26)Behavioral Approach Reward Responsiveness8.00 (2.00)7.67 (1.74)8.00 (1.64)Behavioral Approach Fun Seeking8.00 (1.97)7.76 (1.94)7.29 (1.75)Negative affect change1.60 (2.98)0.29 (5.22)−1.24 (5.56)Positive affect change−0.55 (4.93)−1.57 (4.51)2.81 (3.67)Average approach behavior across 2, 4, 6 point conflict conditions2.27 (2.37)2.33 (2.02)2.34 (1.76)Average approach behavior contingent upon reward points0.78 (2.35)1.33 (1.77)0.76 (2.31)[^1]

Affect
------

We examined possible differences in affect following the AAC task (see [Table 1](#nsw140-T1){ref-type="table"}). Across stimulation conditions, there was a significant decrease in positive affect from prior to (mean = 32.19, SD = 7.51) relative to after the task (mean = 30.53, SD = 8.14) the AAC task \[*F*(1, 61) = 8.77, *P* = 0.004, *η*~p~^2^ = 0.13\]; the difference in negative affect prior to (mean = 16.84, SD = 5.87) relative to after (mean = 17.03, SD = 6.71) the task was not significant \[*F*(1, 61) = 0.10, *P* = 0.75, *η*~p~^2^ = 0.002\]. ANOVA revealed no significant differences in negative \[(2, 59) = 1.84, *P* = 0.17, *η*~p~^2^ = 0.06\] or positive \[*F*(2, 59) = 1.36, *P* = 0.26, *η*~p~^2^ = 0.04\] affect change for the stimulation conditions; Tukey's HSD *post hoc* tests did not reveal any statistically significant pairwise comparisons (*P*s ranged from 0.13 to 0.73).

FDS
---

ANOVA results showed that FDS performance was disproportionally affected by tDCS across conditions \[*F*(2, 59) = 5.45, *P* = 0.007, *η*~p~^2^ = 0.16; see [Figure 3](#nsw140-F3){ref-type="fig"}\]. In line with our hypothesis, post hoc pairwise comparisons (Tukey's HSD tests) showed that participants who received excitatory left dlPFC stimulation outperformed participants who received excitatory right dlPFC (*P* = 0.03, Cohen's *d* = 0.84) or sham (*P* = 0.01, Cohen's *d* = 0.99) stimulation, who did not differ from each other (*P* = 0.94, Cohen's *d* = 0.09). Thus, left, but not right, dlPFC excitation significantly influenced performance on this task. Fig. 3.Effects of stimulation on the FDS task. rdlPFC, right dorsolateral prefrontal cortex; ldlPFC, left dorsolateral prefrontal cortex; tDCS, transcranial direct current stimulation. Error bars indicate the SEMs.

AAC task
--------

We first examined the main effects of task on approach behavior across stimulation conditions. As predicted, participants exhibited more approach behavior for the approach-only trials (mean = 3.69, SD = 0.87) than for the avoid-only trials \[mean = −3.25, SD = 1.28; *F*(1, 61) = 736.63, *P* \< 0.001, *η*~p~^2^ = 0.92\]. Moreover, there was an increase in approach behavior from the 2-point (mean = 1.99, SD = 2.34), to the 4-point (mean = 2.26, SD = 2.20), to the 6-point (mean = 2.69, SD = 1.83) conflict trials \[*F*(2, 122) = 10.82, *P* \<0.001, *η*~p~^2^ = 0.15\]. This confirms that participants understood the task and, generally, performed similarly to that reported in previous studies using the AAC task.

According to the median ASI split, the Low ASI group ASI scores ranged from 4 to 20 (mean = 12.81, SD = 4.96); the High ASI group ASI scores ranged from 21 to 67 (mean = 30.97, SD = 10.45; for clinical comparisons, the average ASI score for individuals diagnosed with anxiety and related disorders is 45, [@nsw140-B35]). In the Low ASI group there were 12 participants (11 males) in the rdlPFC condition; 9 (5 males) in the ldlPFC condition, and 12 (4 males) in the sham condition. In the High ASI group there were 8 participants (2 males) in the rdlPFC condition; 12 (8 males) in the ldlPFC condition, and 9 (2 males) in the sham condition. Low ASI participants differed from High ASI participants in anxiety score in the rdlPFC \[*t*(19) = 4.88, *P* \< 0.001\], ldlPFC \[*t*(18) = 6.94, *P* \< 0.001\], and sham \[*t*(19) = 5.47, *P* \< 0.001\] conditions. Low and High ASI participants did not differ in their BIS-BAS or PANAS scores in the rdlPFC, ldlPFC or sham conditions (all *P*s \> 0.10). Given that previous work has reported gender effects on the AAC task, we first examined ASI and gender interaction effects on AAC approach behavior. For approach behavior on the AAC averaged across 2, 4 and 6 reward points there were no significant main effects of gender *F*\[1, 58\] = 1.86, *P* = 0.17, *η*~p~^2^ = 0.03) or ASI condition \[*F*(1, 58) = 0.09, *P* = 0.77, *η*~p~^2^ = 0.001\], and no gender × ASI condition interaction \[*F*(1, 58) = 0.13, *P* = 0.72, *η*~p~^2^ = 0.002\][^1^](#nsw140-FN1){ref-type="fn"}.

ANOVA revealed no main effects of stimulation \[*F*(5, 56) = 0.17, *P* = 0.85, *η*~p~^2^ = 0.006\] or ASI \[*F*(5, 56) = 0.005, *P* = 0.94, *η*~p~^2^ = 0.00\] condition; however, in line with our predictions, there was a significant tDCS condition × ASI condition interaction \[*F*(5, 56) = 3.55, *P* = 0.036, *η*~p~^2^ = 0.11\], according to which participants with high anxiety sensitivity who underwent excitatory stimulation over right dlPFC exhibited lower approach behavior during conflict (see [Figure 4](#nsw140-F4){ref-type="fig"}). Tukey's HSD post hoc pairwise tests did not reveal any statistically significant differences between stimulation conditions (*P*s \> 0.67). Main and interaction effects of stimulation condition and ASI on AAC approach behavior contingent upon reward points were not significant. Fig. 4.Effects of stimulation on the AAC task by ASI condition. rdlPFC, right dorsolateral prefrontal cortex; ldlPFC, left dorsolateral prefrontal cortex; tDCS, transcranial direct current stimulation; AAC, Approach Avoidance Conflict; ASI, Anxiety Sensitivity Index. Error bars indicate the SEMs.

Discussion
==========

AAC has been consistently associated in past studies with increased activity in right dlPFC. Guided by our past neuroimaging findings ([@nsw140-B1]), here, we used anodal tDCS to demonstrate that increased right dlPFC activity may lead to decreases in approach behavior during AAC. We predicted that participants undergoing excitatory stimulation over right (but not left or sham) dlPFC would show decreased approach behavior, an effect we anticipated to be stronger among participants with high anxiety sensitivity. Our results partially supported these predictions: Participants high on anxiety sensitivity showed significantly limited approach behavior under excitatory right (but not left or sham) tDCS over dlPFC. This effect was not attributed to transient differences in mood or a priori systematic differences in anxiety among stimulation conditions. Consistent with our predictions, excitation over the left (but not right or sham) dlPFC enhanced performance on the control FDS task.

These results are consistent with findings of [@nsw140-B38] who demonstrated that 15 consecutive daily sessions of cathodal (inhibitory) tDCS at 2.0 mA over right dlPFC significantly reduced anxiety symptoms in a patient with GAD. Similarly, fMRI-guided, low-frequency (i.e. inhibitory) repetitive transcranial magnetic stimulation (rTMS) over dlPFC has been used effectively in the treatment of GAD ([@nsw140-B10]; see also [@nsw140-B30] for a review). Our results used anodal tDCS over right dlPFC to support and extend past research by demonstrating the potentially causal role of over-excitation of right dlPFC for affective decision-making in anxiety disorders. Future research investigating cathodal tDCS of the right dlPFC on AAC decision-making could help to elucidate mechanisms for the above clinical reports. In this study, we focused specifically on anxiety sensitivity (which may relate more to fear of bodily sensations) due to our previous findings with the AAC task. However, further research is needed to determine whether current results are specific to anxiety sensitivity or more general to other aspects of normative and clinical anxiety.

Although past research has typically associated left PFC with approach motivations (e.g. [@nsw140-B5]; [@nsw140-B39]; [@nsw140-B40]; see also [@nsw140-B43]) our results did not reveal any significant influence of left dlPFC excitation on AAC task behavior. Relative to other approach-avoidance paradigms (e.g. [@nsw140-B5]), our AAC task was specifically designed to capture AAC 'decision-making', which has not been associated with significant left dlPFC contributions ([@nsw140-B1]). The lack of left dlPFC excitation effects on approach behavior is, thus, consistent with our previous neuroimaging findings. It is possible that differences in task stimuli could alter the relative importance of right versus left dlPFC in contributing to behavior; for example, depending on the saliency or primacy of threats and rewards (i.e. affective stimuli, food pictures, *vs* monetary loss or reward). Related to this, we also did not find effects for right dlPFC excitation on conflict behavior contingent upon increasing reward points. It is possible that right dlPFC excitation does not impacting reward-dependent changes in behavior as much as it does conflict behavior in general, which is partially driven by avoidance motivations.

Notably, even in the right dlPFC stimulation condition, individuals with higher anxiety were, on average, placing the avatar at a position of approximately one (with −4 being all the way away from the conflict outcome; and +4 being all the way towards that conflict outcome). Thus, these participants were not avoiding *per se*, but experiencing greater conflict, or uncertainty, in how to respond. This may reflect the fact that participants were all healthy controls with nonclinical levels of anxiety. However, it also raises the question of whether right dlPFC over-activation increases the propensity to avoid conflict outcomes or whether it more generally interrupts optimal balancing of potential outcomes to resolve conflict decisions. Although the former would be consistent with previous research suggesting dlPFC stimulation may reduce risk-taking behavior ([@nsw140-B17]), the latter would be consistent with the proposed role of the dlPFC in guiding final action by augmenting valuation of outcome and reinforcement information ([@nsw140-B25]). It is possible that either under- or over- activation of the right dlPFC could have a negative impact on conflict decision-making. In addition, the reported results seemed to not only relate to decreased approach behavior for those reporting high ASI, but also increased approach behavior for those reporting low ASI, in response to right dlPFC stimulation. Thus, the functional impact of right dlPFC stimulation may depend on the baseline anxiety level of the individual. These are questions that could be addressed by future research.

Our particular electrode montage was exclusive to dlPFC with the reference electrode away from the cortex, which allowed us to examine the specific effects of dlPFC excitation on this task. Nevertheless, we cannot exclude the possibility that excitatory effects over this region might have downstream, secondary influences on other cortical and subcortical structures, including the medial PFC, amygdala or insula. Visualization of the path of the electric current for our particular montage with electrical field modeling (as implemented in the *Enobio* tool, Neuroelectrics, Barcelona, Spain) has allowed us to confirm that excitation over right or left dlPFC does not carry to the homologue region of the other hemisphere. However, it is likely that anodal stimulation may have induced the observed effects due to secondary influences on other subcortical structures. Specifically, our previous neuroimaging research would suggest that other areas of the lateral PFC (i.e. BA 6, 10) might be involved in processing and responding to AAC. Future research employing concurrent tDCS and neuroimaging may be in position to delineate the precise effects of neurostimulation for the function of cortical and subcortical networks in space and time.

In previous work with the AAC task, we have demonstrated potential gender effects, with males exhibiting greater approach behavior (consistent with animal work) and being influenced more by anxiety sensitivity (females being influenced more by self-reported behavioral activation). Notably, in the current sample gender was not equal across the ASI groups (with more females in the high ASI group). Although gender did not seem to be driving differences in approach behavior in this study, we did not have the sample size to delineate potential differences in dlPFC stimulation by gender, which would be an important aim for future research. Larger studies, using continuous (rather than dichotomized) anxiety measures, could also help in clarifying the extent to which anxiety moderates the relationship between dlPFC stimulation and performance on the AAC task.

Overall, our results demonstrate that an over-excitation of right dlPFC in healthy adults with high sensitivity to anxiety can lead to decreases in approach behavior during affective decision making. As such, they contribute to the growing body of literature detailing the contribution of this region to anxiety disorders and point to the potential of tDCS interventions for the treatment of large patient groups.
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1 We examined interactions with gender especially in the context of this gender distribution; controlling for gender did not make a difference in our analysis. This result is possibly due to the lack of statistical power that did not permit a full examination of gender effects. On the other hand, the lack of a significant main effect of gender or a significant ASI by gender interaction points to the effectiveness of our manipulation independently of any gender influence.

[^1]: SD in parenthesis.
